Introduction
If one considers the Friedmann's phases of national development, regional policy in Indonesia may be classified into critical condition because the share of industry is between 10 to 25 percent of GDP (Friedman [8] ). Another issue that is worthy to be taken into consideration is regional income disparity (see Table 2 .1). Regional imbalance of popula tion distribution may also be considered as another serious regional problem (see Tables 2 .  3 and 2.4). Unfortunately, however, regional problems have been less discussed in In donesia.
The objectives of this paper are twofold: to formulate a model that can be used to lessen the gap of regional income; and to formulate a model that can be used to reduce the maldistribution of regional population. Due to data consideration, Indonesia is divided into six regions: Sumatra; Java; Kalimantan; Sulawesi; Bali , Nusa Tenggara Barat, Nusa Tenggara Timur; Maluku and Irian Jaya.
The next section of the paper presents regional characteristics in Indonesia , followed by Multiregional Input-Output analysis. Section 4 provides a brief discussion on the Model Reference Adaptive Migration and a brief summary of the major findings is presented in the last section.
Indonesian Regional Characteristics
Commenting on Indonesia as a whole, Higgins [13] wrote that: " .... For here (In donesia) is a country that has been regarded since 1500 as one rich in natural resources" . Actually, however, natural resources greatly vary among regions in Indonesia .
Chenery [5] has indicated that differences in regional characteristics will usually lead to differences in regional development pattern. Because of the diversity of regional characteristics, one may not expect to find uniform growth pattern in all regions .
Regional Income Gap
Due to the fact that the regions have made different attempts at growth, and also because factors like natural resources and cultures are not uniform, it is not surprising if * Division of Environmental Planning The Graduate Sch ool of Environmental Science Hokkaido University, Sapporo 060, Japan. [16] showed that regional disparity in Indonesia is increasing.
Urban-Rural Income Gap
Another important problem of income disparities is seen from the urban-rural view point. Although the population in the rural area is usually higher than that of the urban area, investments are concentrated mainly in the urban area. Furthermore, resources have improperly been allocated among the two areas resulting in the gap of income distribution between the two areas. About this problem, Lipton [19] rejects the idea that market mechanism will automatically lead to a rural-urban equilibrium and in turn resources between the two areas will be properly allocated. The equation below will be used to observe the urban-rural disparity in Indonesia:
where, Xi is output per worker in sector i
Yi is output of sector i Li is labour in sector i i is a sector such as agriculture, manufacturing or services.
We shall compare the observations for 1976 and 1982.
First of all, we assume that the agriculture sector is the main economic activity in the rural area while on the other hand, economic activity in the urban area is represented by manufacturing and service sectors. The result, as presented in Table 2 .2, clearly shows that there is no diminishing tendency in the time path of time serial observations of the two ratios.
Regional Population
We shall consider three common characteristics of Indonesian population: (1) the high rate of population growth; (2) unequal population distribution among the regions; and (3) the youthful structure of the population (see Central Bureau of Statistics [4]). If we assume that the annual rate of population growth keeps constant, the population of Indonesia will double in three decades. This prediction is terribly miserable because any effort to improve the standard of living of the people will be extremely difficult, particularly within fiscal limitations. It is believed in many occasions, that the relatively high population tends to be a great burden of development, and may be a hindrance in attaining the goals of development rather than being an advantageous resources.
To give a more detail information, regional population density and coefficient of variation of population are calculated and presented in Table 2 .4 Table 2 .3 shows that region II represents a region having the highest share of population, though the share is decreasing.
Since the land area is relatively small, the high population density in region II is unavoidable.
Projecting the same past trend of population density into the future it is quite terrify ing that region II will probably have the highest population density in the world.
But that is not the case.
A, cautious attention should be paid to the fact that land required for housing, roads, and so on will increase as the population in region II rises. Beside having the most fertile of land, it must be remembered that irrigation and other infrastructures are well available in region II. It is not surpring that region II has been regarded as the most important producer of rice in Indonesia. Therefore, within limited area such as region II, the increasing demand for land required for housing, roads and, others may be supplied, partly, by the stock of land for cultivation. Considering the government's rice program which aims at ensuring that the supply of rice is equal to its demand, alternatively, efforts to increase production of rice can be made mainly by opening new land in other potential regions. As the quality of land in other regions is usually less fertile than in region II, and the fact that infrastructure in other regions are not well developed yet, accordingly, such efforts will require a huge investment, indeed. The second concern relates to the fact that around 48 percent of employment in region II is still engaged in agricultural sector. One may expect that reducing land for cultivation in region II will lead to the increase in the number of the landless. Within limited demand for labour in agricultural sector, if not changed, there is reason to believe that the number of the unemployed in the rural area will remarkably increase, resulting in increasing rate of urbanization.
Regional Development Pattern
Three decades ago, based on his comparison study, Kuznets [17] proposed that there is a marked increase of manufacturing with rising per capita. His findings has been used, then, as a basis for analysis of several studies, for instance by Chenery [6] , Gupta [10] , Jameson [15] , and Taylor [29] . Almost all studies arrived at a similar conclusion, that is, a remarkably consistent feature of economic growth has been the shift in sectoral output shares toward more secondary and tertiary and less primary production as per capita income rises. The hypothesis above will be applied to the Indonesian regional situation, to test the shift of sectoral share as per capita income rises.
(i) The Model
Due to space consideration, we shall mainly estimate the following equation:
where, Y is real per capita income (rupiah in 1975 prices)
X1 is the share of agricultural sector X2 is the share of mining sector X3 is the share of manufacturing sector X4 is the share of service sector are constants. ei is assumed to have usual properties.
(ii) Analysis of empirical results Space consideration forces us to report only agricultural sector and manufacturing sector. The results, as presented in Table 2 .5., clearly show that the share of agricultural sector significantly decreased as per capita income rose. In general, our results support the conclusions from previous studies, that is, the share of agricultural sector tends to decrease and conversely, manufacturing and service sectors will increase as per capita 
Regional Labour Productivity
Equalization as well as promotion of the level of labor productivity in each region is the concern of any planner who intends to realize a high rate of income growth. In this context information on regional growth and labour productivity is very important because according to Verdoorn's law [30] , productivity tends to grow faster in economic sectors that are in the process of expanding.
The following several sub-sections provide a discussion on the application of Verdoor n's law into Indonesian regional labour productivity.
(i) The Model
A specific type of Cobb-Douglas production function such as written below will be used as a tool to test the Verdoorn's effects,
where, L is the rate of labour productivity growth G is the rate of sectoral growth at regional level C and e are constants.
This equation rests on the assumption of constant capital intensity and also that economic units combine factors with the view to minimizing cost (Casetti [2] ). Due to the lack of data, region V and region VI are combined and represented by region V.
(ii) Analysis of empirical results
As Table 2 .6 indicates, the highest coefficient of agriculture sector is represented by region III. It may be due to the change of government policy on forestry product. If export in raw forestry products was permissible in an old policy period, the new policy emphasizes that export of forestry products should be in semi or finished products. This, certainly, will lead to the increase in the value added of agriculture sector in the main producer regions of forestry products such as region III. The lowest in the value of 
Multi Regional Input-Output
Economists have long been aware of the fact that interconnections among regions play a key role in their development (Moses [25] ). But, the detail information required for conducting a study on spatial structure is often not sufficiently supplied by data available, particularly in developing countries. So that, it is not surprising if such studies were found to be less in developing countries (Miller and Blair [21] ).
In this section, we will elaborate on the interconnections among regions in Indonesia, continued by simulation on reducing the gap of regional income. For that purpose, Multi Regional Input-Output developed independently by Moses and Chenery will be used as a basis for analysis, mostly because that model does not relatively require a lot of data (see Chenery [7] and Moses [25] ).
Estimation of Intraregional Trade (i) The method of estimation
It is the core of Moses-Chenery model to tabulate comprehensively both interregional trade flow. As indicated by Miller [21] , however, the data on shipments of goods and services between sectors and regions are usually not available in developing countries. The difficult problem which we face is that, data on intraregional trade flow in Indonesia are not readily available. Though some estimation methods have been introduced, a cautious attention should be paid in estimating the unavailability of such data, due to the recent study by Harrigan et al. [11] . We shall use a gravity potential model in estimating the coefficient of interregional trade flow. Further, using the same formula but replacing the variables used, those coefficients will be used to estimate the intraregional trade flow. Due to the situation in Indonesia, we adopt the following assumptions:
-interregional trade flow via air transportation is ignored -each region has only one main seaport 
Constructing the Multi Regional Input Output
Denote regional technical coefficients as "a" and trade coefficients as "t" , the regional input-output, namely A, will be derived by multiplying "a" and "t" . Thus, the complete multiregional input-output system can be represented as ,
where, I is identity matrix A is regional input-output coefficients X is output
Y is final demand
As usual, a solution will be given by, (21)
It is necessary to mention here that the data on regional technical coefficients are not readily available for Indonesia.
To overcome this difficulty , we replace blocks matrix of regional technical coefficients with national technical coefficients . Furthermore, as the data on interregional trade flow from sector 8 to sector 14 are not available , we assume the intraregional trade flow of such sectors to be equal to one . Due to space consideration, the multi regional input-output table has been omitted here.
Simulation Results
As the data on regional export and import are not available we prefer to simulate our model in a closed system rather than in open system . Furthermore, the data on regional final demand are not available. where, fCLi is private investment of sector i region L X Li is output of sector i in region L Xi is national output of sector i FHi is national capital stock of sector i
Whether multiregional input output changes over time or remains stable, there seems to be no consensus on it. A study by Carter [1] , however, supports the contention that input-output coefficients may remain useful for a number of years. As our model is focused on how to reduce the disparities of income among regions, accordingly, more attention should be paid to the regions having low per capita income such as region IV and region V. For simplicity, we will only report one of the simulation results, as presented in Table 3 .3. In making the simulation, we assume that multiregional input-output is stable over time, and final demand grows at constant 1980 prices, as in Table 3 .2. As indicated in Table 3 .3, the rate of regional income growth of region IV and region V have been higher than the other regions, indicating that the two regions have been growing faster than the remainder.
Due to the low level of household consumption and investment in regions IV and V, Table 3 .3 implies that in accordance with efforts to reduce the gap of regional income, the role of the government in the two regions is regarded as vital. 
Model Reference Adaptive Migration
It has been proven in several migration studies that the volume of migration will decrease as distance rises. According to lsard, aggregate migration can be predicted by distance variable and population, both in origin and destination. This model is usually called gravity potential model (Isard [14] ). On the other hand, Hicks [12] proposed that economic variables should be considered as variables influencing migration, and this type of model falls into Neoclassic model. It was Lowry [20] who tried to combine both gravity and Neoclassic models in explaining the migration in United States. Though his findings were somewhat unsatisfactory, his synthesis became a basis to explore a study on migration, then. Among the migration studies, Nelson [26] is one of the pioneers in dynamic migration study. According to him, family and friends, or past migration, should be linked to the source of information on destination.
The main aim of this section is to show that target upon regional migration is applicable, in the sense that during the period of planning, the difference between the target of regional migration and actual value can be eliminated. For that purpose, we introduce a model called Model Reference Adaptive Migration (MRAM). MRAM belongs to the family of Model Reference Adaptive Systems (Landau [18] ). The interested reader is directed to the application of MRAS in economic development as indicated by Miyata and Yamamura [22] , Miyata and Yamamura [23] , Yamamura [31] , Yamamura [32] and Yamamura [33] .
The Model
As a general model, MRAS is composed of two models namely, Reference model and Adaptive model. The Reference model may be written as follows:
The Adaptive model may be written as follows:
where, X1(t+1) and X2(t+1) are vector matrices A1 and Bl are constant matrices X1(t) and X2(t) are vector matrices A2 and B2 are constant matrices U1 and U2 are input vectors Since our primary concern is for interregional migration, the two equations above may be rewritten as follows:
The Reference model
The Adaptive model
Where, M1ij(t+1) is the target of regional migration at period t+1 M1ij(t) is the target of regional migration at period t M2ij(t+1) is the adaptive regional migration at period t+1 The model is now complete.
Setting the target of interregional migration for the period from 1981 to 2000, the annual value of U2 will be automatically derived.
Our period of observation might be regarded as the best period of the economy since independence, due to the high rate of income growth, freedom from recession and moderate inflation. On the contrary, our projection period is likely to be gloomy. This is due to the recession in the beginning of 1982 and the drastic decrease in the price of crude oil. Hence , to assume the average rate of regional income growth during the projection period to be equal to the past period is highly unrealistic. In order to get realistic results, we assume that the average rate of regional income growth will be between 2.00 to 6.50 percent per annum.
Modification of the Model
Note that B matrix is a nonsquare matrix. We were, therefore, faced with the difficulty of manipulating this nonsquare matrix in relation to equations (4.8) and (4.10), to obtain the inverse matrix required by the adaptation algorithm. To overcome this difficulty, we used a specific form of inverse matrix called Moore-Penrose inverse matrix, which has the following conditions (Moore [24] , Rao [27] (ii) The estimated interregional migration In constructing the scenario of the rate of regional income growth , we refer to the two periods from 1981 to 1990 and from 1991 to 2000. Though the first period is relatively gloomy, a lot of efforts have been made by the government of Indonesia in connection with how to increase the real income and reduce the dependency of the Indonesian economy upon petroleum export.
The results of such efforts are likely to occur within our projec tion period from 1991 to 2000. In view of this, the rate of regional income growth from 1991 to 2000 is set to increase gradually. Due to space consideration , the estimated annual interregional migration and annual value of adjustment constant will not be reported here .
Almost all adjustment constants have negative signs, meaning that efforts are needed to deter the desire to migrate in those regions. It is also found that the value of D was negative at first, but after several years the value becomes positive, meaning that efforts to deter the movement of people should be changed to efforts to encourage the movement of people. The zero value of D is also found, meaning that the two efforts are not necessary to be made. To warrant the estimated migration, the rate of regional income should grow as indicated in Table 4 .1.
Conclusion
If one of the goals of development is linked to the problem of how to reduce the gap of regional income, then it will be more beneficial if more attention is given to regions having low per capita income rather than to reduce the growth of regions having high per capita income. In this connection, most of the initiatives must be taken by the govern ment, perhaps through regional investment, tax policy, subsidy, and so on. Though the result is not reported here, conflict between equity and efficiency is severe in Indonesia, particularly in the manufacturing sector, so the government should give high priority to industries which will have the most beneficial impact of reducing the disparities of regional income, as well as keeping the national growth relatively high. Towards the making of such efforts, it is hoped that our study will provide valuable information.
As our findings reveal, a relatively high regional income growth in other regions will encourage. the out-migration from the high density region.
In line with this, promoting low density regions, in both economic and non-economic aspects, can be expected to act as a pull factor to capture the out-migration from the high density region.
